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[571 ABSTRACI' 
In a free piston engine, to reduce dynamic loads on the 
reciprocating elements caused by a time varying pres- 
sure gradient across the gas bearing and close clearance 
seals provided therein, drain galleries are incorporated 
at the ends of the gas bearings to isolate the same, and 
circumferentially spaced grooves are incorporated in 
the close clearance seal region. 
6 Claims, 4 Drawing Sheets 
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Accordingly, there exists a need to reduce the dy- 
namic loads on the elements without impacting the 
engines performance. 
SUMMARY O F  T H E  INVENTION 
It is an object of the invention to reduce the dynamic 
loads and moments on the reciprocating elements of a 
free piston engine. 
It is a further object of the invention to reduce such 
dynamic loads and moments without impacting on the 
engines performance. 
A further object of the invention is to allow for a 
reduction in dynamic loads without significantly reduc- 
ing the seal length. 
These objects are met by the present invention by 
isolating the gas bearing from the oscillating pressure in 
the engine working space and gas spring pressure waves 
by incorporating mean pressure drain galleries at the 
bearing ends. These drain galleries are connected to a 
mean pressure volume in the engine structure. 
In addition, the present invention provides for cir- 
cumferential grooves in the close clearance seal region 
the number of which depends on the magnitude of the 
pressure gradient. The grooves can be provided on 
either the cylinder or on the reciprocating piston. The 
optimum groove dimensions depend upon the operating 
parameters (reciprocating frequency, pressure gradient, 
and seal geometry). In general, however, the volume of 
the groove should be large enough to ensure uniform 
pressure around the circumference of the groove. The 
volume of the groove should also be small enough to 
ensure that the time constant to fill the groove is a small 
fraction of the time period of the reciprocating ele- 
ments. 
BRIEF DESCRIPTION O F  THE DRAWINGS 
Thus by the present invention its objects and advan- 
tages will be realized, the description of which should 
be taken in conjunction with the drawings, wherein: 
FIG. 1 is a schematic new of a tilted piston having 
circumferential grooves; 
FIG. 2 is a sectional view of a hydrostatic power 
piston in a free piston engine, incorporating the teach- 
ings of the present invention; 
FIG. 3 is a perspective view of a hydrostatic power 
piston incorporating the teachings of the present inven- 
tion; and 
FIG. 4 is a sectional view of a displacer in a free 
piston engine showing bearing geometry and flow, in- 
corporating the teachings of the present invention. 
DETAILED DESCRIPTION O F  THE 
PREFERRED EMBODIMENT 
Initially, basic Stirling engine design and application 
is set forth in Stirling Engines by G. Walker, Clarendon 
Press, 1980. In the basic operation a free piston engine 
has two reciprocating elements, a displacer and a power 
piston. In a long life Stirling engine these reciprocating 
elements are sumorted on eas bearines. 
1 
STABILIZING GAS BEARING IN FREE PISTON 
MACHINES 
This invention was made with Government support 
under Contract NAS3-25463 awarded by NASA. The 
Government has certain rights in this invention. 
FIELD O F  INVENTION 
The present invention relates to a gas bearing for use 
in machines operating in a free piston arrangement. 
BACKGROUND O F  T H E  INVENTION 
The use of free piston arrangements in various types 
of engines particularly Stirling type engines is well 
known. The basic design involves the use of a displacer 
and a power piston. Typically, the displacer is posi- 
tioned in a cylinder defining expansion and compression 
chambers. Coupled between these chambers may be a 
heat exchanger through which gas passes. For example, 
in a refrigeration setting the displacer on which a me- 
chanical reciprocal movement is imparted, reciprocates 
between upper and lower points. At the lower point 
compressed gas is admitted into the compression cham- 
ber which is then compressed upon movement of the 
displacer. The gas then passes through the heat ex- 
changer where the gas exchanges heat with it and into 
the expansion space where it undergoes adiabatic ex- 
pansion which decreases its temperature. When the 
displacer moves down, the gas in the expansion cham- 
ber is forced through the heat exchanger, removing 
heat therefrom. The cycle then repeats itself continually 
to produce a heat sink. 
Generally speaking the purpose of the displacer is to 
transfer engine working gas from hot volume to the 
cold volume and back during engine operation. The 
purpose of the power piston is alternately to compress 
and expand engine working gas, and transfer the result- 
ing mechanical power to a suitable load. Both the dis- 
placer and the power piston are connected to gas 
springs. The purpose of the gas springs is to provide 
reactive power flow required alternately to accelerate 
and decelerate these reciprocating elements. Pressure 
waves in the gas spring are isolated from the engine 
pressure wave by close clearance seals. These pressure 
waves are not however in phase with each other. 
Therefore, a time varying pressure gradient exists 
across the reciprocating elements which are generally 
supported on gas bearings. 
A time varying pressure gradient across the gas bear- 
ings can result in a large oscillation of the bearing jour- 
nal. Time varying pressure gradient across the gas bear- 
ing of a free-piston machine and close clearance seals 
can also impose significant dynamic forces and mo- 
ments on the reciprocating elements. Pressure gradient 
in the clearance seals affects engine performance due to 
power loss associated with the seal leakage. It also af- 
fects the dynamic behavior of the reciprocating ele- 
ments by imposing time varying force and moment. 
For a given pressure differential and seal radial clear- 
ance, leakage power loss is inversely proportional to the 
seal length and the dynamic load is directly propor- 
tional to the square of the seal length. Therefore, from 
engine performance considerations the seal length needs 
to be large, and from the bearing consideration (which 
carries the dynamic loads) the seal length needs to be 
short. 
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60 FIG. 1 is for purposes of illustration. A piston or 
displacer 10 is disposed in a free piston engine generally 
indicated by cylinder or chamber 12. The piston 10 is 
shown tilted with respect to the cylinder wall and in the 
space therebetween 14. The space is exaggerated since 
65 it is normally on the order of ten thousandths of an inch. 
Positioned at one end 16 of the piston 10 may be a gas 
spring and at the opposite end 18 a working or compres- 
sion space. As aforesaid, the purpose of the displacer is 
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groove is a small fraction of the time period of the recip- 
rocating elements. 
In FIG. 4, there is shown for illustration a hydrostatic 
displacer bearing geometry and flows. In this regard, 
the displacer 142 is provided with circumferential 
grooves 144 in the seal area adjacent the working or 
compression space 146. T w o  gas springs are provided 
148 and 150 along with a bearing plenum 152. The 
purpose of this illustration is to show the grooves on the 
displacer portion of the free piston engine. Note, that as 
aforesaid the groove may also be provided upon the 
cylinder surface rather than the displacer. 
Thus by the present invention, its objects and advan- 
tages are realized and although a preferred embodiment 
has been disclosed and described in detail herein, its 
scope should not be limited thereby rather its scope 
should be determined by that of the appended claims. 
What is claimed is: 
1. A free piston machine comprising: 
reciprocal element; 
cylinder means in which said reciprocal element re- 
ciprocates; 
gas bearing means disposed between said reciprocal 
element and said cylinder means; 
pressure gradient across said reciprocal element and 
said gas bearing means; and 
isolating means comprising drain galleries disposed 
about the reciprocal element at opposite ends of the 
gas bearing means for isolating said gas bearing 
means from the effect of the pressure gradient and 
stabilizing the movement of the reciprocal element. 
2. The invention in accordance with claim 1, wherein 
said reciprocal element comprises a power piston or 
displacer. 
3. The invention in accordance with claim 2 wherein 
said drain galleries include drain grooves disposed 
about said reciprocal element and coupled to a mean 
pressure volume within the machine. 
4. The invention in accordance with claim 3 which 
includes sealing means disposed in a sealing area posi- 
tioned between the cylinder means and the reciprocal 
element, said pressure gradient being disposed across 
said sealing means, and circumferential grooves dis- 
posed in said sealing area which reduce dynamic load- 
ing thereon and stabilize the movement of the recipro- 
cal element. 
5. The invention in accordance with claim 4 wherein 
the volume of the grooves is a factor of providing uni- 
form pressure around the groove and the period of 
reciprocation of the reciprocal element. 
6.  The invention in accordance with claim 5 wherein 
the grooves are positioned on the reciprocal elemenr. 
* * * * *  
to transfer engine working gas from hot volume to the 
cold volume and back during engine operation. The 
purpose of the power piston is alternately to compress 
and expand engine working gas with the gas springs 
providing reactive power flow to accelerate and decel- 5 
erare the reciprocating elements. Pressure waves in the 
gas spring are normally isolated from the engine pres- 
sure wave by close clearance seals. These pressure 
waves are not in phase with each other. Therefore, a 
time varying pressure gradient exists across the clear- 10 
ance seals. 
Depending upon the pressure gradient a number of 
circumferential grooves 20 are provided either on the 
piston 10 as shown or on the cylinder 12 in the close seal 
area. The volume of the grooves should be large 15 
enough to ensure a uniform pressure around the circum- 
ference of the groove yet small enough to allow the 
filling thereof to be fraction of the period of the recipro- 
cating element. 
illustration a piston of a free piston engine 100 showing 
a hydrostatic power piston 110. The piston 110 is con- 
tained within cylindrical wall 112 and reciprocates be- 
tween compression space 114 and a gas spring space 
116. A portion of a displacer 118 is shown on the oppo- 25 
site side of the compression space 114. The power ple- 
num 110 initially includes a drain plenum 120 along 
with a supply plenum 122. 
Power piston 110 includes a supply port 124, mid- 
stroke port 126 along with gas bearing feed holes 128. 30 
Positioned on opposite ends of the piston 110 are seal 
areas 130. Note, that seal clearance is normally on the 
order of ten thousandths of an inch. Positioned on the 
forward end of the piston 110 is a plurality of circumfer- 
ential grooves 132. As aforesaid, the number of grooves 35 
and their volume will depend upon the pressure grade 
across the piston and the desired result. 
Also, provided on the piston 110 are drain grooves 
134 including drain ports 136. Located in the cylinder 
wall are ports (Pgs) 138 and drain ports 140 with the 40 
arrows in FIG. 2 showing the respective flows. 
As can be seen, the gas bearing is isolated from the 
oscillating pressure (compression space and gas spring) 
by the mean pressure drain galleries at opposite sides 
thereof comprising the drain grooves 134 and drain 45 
plenum 120. In addition, the equally spaced circumfer- 
ential grooves 132 serve to reduce the dynamic load 
without significantly reducing the seal length. As afore- 
said, the optimum groove dimension depend upon the 
operating parameters (reciprocating frequency, pres- 50 
sure gradient and seal geometry). However, the volume 
of the groove should provide uniform pressure, yet be 
small enough to ensure the time constant to fill the 
Turning now to FIGS. 2 and 3 there is shown for 2 0  
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